Th e influence 01 the pesticide glyphosate (GPS) on the adsorption 01 Cu (1 1) on montmorillon ite has been examined. The comp lexation of Cu(ll) with GPS was studied using anodic stripping voltammetry in diHerential pul se mode (OPASV ). It has been concluded that the complexes present a labile bahavi our and GPS shows a low bu! noticeable deg ree 01 heterogeneity . probably due to complexation 01 Cu bv mora than on e GP S species. Cu (ll ) adso rption on montmoril!onite is drasti cally decreasad in th e presence of GPS. due to several reasons: decrease in free Cu concentration due to formation 01 Cu-GPS complexes; su rfaee loading 01 GPS on montmori llon ite. obstructing in erJamellar Cu 2 • adsorptio n and co mpetiti va aHaet betwee n protons and Cu 2 ' for interlame llar positi ons.
INTRODUCTION
Glay minera ls and organic matter play important roles in controlling the mob ility 01 heavy metals in soils an d sediments , and the chemical forms of these metals are also important in determ in ing wh ethe r or not they can be biologically available. Consequently, metal/organic matter/mineral in teractions are 01 wid e ranging importance in enviro nme nta l studies (Varadachari et al., 1991 ) . In additior, o soil organic mattar, other organic co mpounds used in agricu ltural practices (fe rtifizers , pesticides ) or pres ent in wastes added to soils as man ure can also de crease or en hance the mobUity of heavy melals in soils or sedime nts (Bejarano and Mad rid, 1992) . However, linle atte ntion has so far bee n given to the pheno men a involved in the joint reaction of metals and pesticides with soils or clay minerals, although some in vestigations have recently been carried out using montmori llon lte as adsorbent (Morillo and Maqueda, 1992; Undabeytl a et al., 1994) .
The herbicida glyphosate (G PS) ís a very interasting compound to be studied in relation lo its be haviour with soil compo nents when heavy metals are present. Thi s pesticida is extansive ly used in agriculture, but it shows on ly low herbi ci dal activity whan appli ed to the soil. Th is is a consequence 01 two factors: the moderate adsorption 01 this herbicide by the so ils constitu ents. and its low intri nsic toxicity dua lo its rapi d degradation by microorganisms to non-phytotoxic products. In relation to GPS adso rpti on by clays, it is known that the exeh an geable catio ns 01 the elay mine ral intlue nce its adsorption capacitv (Sprankl e et al. , 1975b; Shoval and Yan v, 1979; McConne ll and Hossner, 1985: Glass , 1987) , sinee this pesticide eoordi nates strongly to metal ions, particularly to transition metal ions (Glass, , 984 ; Subramanian and Hoggard, 1988; McBride. 1991) . The eHect of chelation of metals may haya some sign ifican ce in the soil environment, th rough the freq uently hig her solubil ity 01 the co mpl exes formad, affecting th eir distribution in so ils and sediments.
The objecti vas of this paper comprise two parts: 1. To study the complexati on of Cu (lI) wit h GPS usi ng anodic stripping voltammetry in diHarential pu lse moda (DPASV), to estimate the average stability ot th e compl exes and the degree 01 haterogeneity of the ligand in this system. 2. To i nvestigate the influenca 01 GPS on th e adsorption of Cu( lI) by th e elay mineral montmorillonite.
MA TERfALS AND METHODS
The clay min eral used was a standard montmorillon ite from Arizona (designed SAZ-1) (Van Olph en and Fripiat. 1979) , suppl ied by the Clay Mineral Soeiety (Sourea Cl ay Mi nerals Repository). Its cali on exchange capacity (CEC) is , 20 meq/ 100g (80% in Ca lorm). and it was usad as received.
successive protonation sites are the ami no nit rogen , the phosphonate oxygen, and finally Ihe ca rboxylate oxygen atom. GH -2 pk= 2.23 pk= 5. 46 pk= 10.14 Sch eme l . Spec ies 01 GPS depending on the pH and protonation constants (Irom Motekaitis and Martell, 1985) .
Duplicale adsa rption experime nts were dane by mixi ng 0.1 9 of clay mineral wit h 0.01 M NaCI Anodic stripping voltammetry in diHerential pulse mode (DPASV) was carri ed out in 0.01 M KNO, solutions. Glyphosate was tit rated at pH=3 with CU( N0 3 )2 so lutions at 20°C. A Metrohm 646 VA polarog raphe r was usad. Hanging mercury drop elect roda (HMDE) , Ag/AgCI electrode and platin um eounter eleetrode were used as working , reference and auxiliary electrodes, respective ly.
The depos ition time was 100 s followed by 30 s wi thout stirring before the potential sean. The initial po tential applied was -0.9 V and ' he sean rate was 6 mV S· I.
The pH was checked during Ihe lilralion with a 9103SC semimlcro Ori on combinatían electrode and adjusted to the chosen value by adding small vo lu mes 01 0.1 M HNO J or KOH .
Th e dissolved oxygen was removed from soluti ons in th e polarographic ce ll by bubbli ng 99.9995% purity nitrogen .
AE5UL T5 ANO DISCUSSION " Study by DPASV o, the complexation o, GPS wlth Cu(ll).
Th e formation process 01 GPS-Cu (lI ) co plex can be sChematically represented as :
where L stands for each complaxmg sita o, th e GPS mOlacule , M the free metal (in th is case Cu) and ML each 1:1 co mplex (Pinheiro et al. , 1994 ) . This simplified model impiles that if two or more groups are bound to a metal ion, all th ese groups are taken as one coordlnatlon site , thus only com ple xes 011:1 type are considerad.
Co nsidaring the pK valuas ot GPS (scheme 1). it can be calculated that more than 95% 01 the herbicide prase nt, under the conditions used in DPASV experiments is in either 01 th e fol lowlng fo rms (Motekaitis and Marte 11 , 1985) :
and other ionization equi libria can be considerad negligib le at th is pH va lue . The ratio G H 2 "1GH J can be calculated to be 5.9.
Th e average stability parameter of the metal complex (8uHle , 1988) can be expressed :
(1 ) The tota l concentrati on 01 glyphosate, Cl ' was const ant an d in excess du ring the tit ration (3.8 x 10'· M) , and the metal conce nt ration was in the range 0.11-3 .9 ~M. Figure 1 shows the van ation 01 th e peak curre nt versus the total metal co ncen tratia n added CM ' in thp.
From the vo ltammograms (not sh own) similar valu es can be observad tor the peak wldths W. ~ (52m V) of M and M+L : on the other hand, Figure 1 shows that the re is the same re latio nship betwe en CM and ip in tha prese nce and absence 01 ligand , so it can be concJuded (Bejarano et al, 1994 ) that:
a) The complex pres an ts a labde behaviou r in DPASV :n easu remen ts in the con centratlon rar; ge .104
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Figu re 1. Peak cu rrent ip yersus total Cu concentration in the presence 01 glyphosate (M+L) and in its absence (M). T he voltammograms can al so show that the peak potential in the presence 01 GPS. E/04+L. is always lower than in the absence 01 ligand . Ep M Provided that ip M .. i/M. it can be shown (Bejarano et al. , 1994) th at the fact that Ep M.L < Ep M implies a fast process of formatíon ot the complex. 6~. E/'.~Iok L.Shitt 01 the peak potential ln the presence olligand compared to !he value
In its absence.
The conditio naJ stability con stant of the comp lex GPS-Cu (II), K (Table 1) . can be obtal ned from the DeFord-Hume expre ssion for labi le complexes and D"'L = D M , in the presenca 01 an excess 01 ligand , so that the ligand not bound at the eleetrode surface can be considerad the same as the total coneentratlon, Cl:
(2)
The average val ue tound was log K = 4.1±O.2, quite similar to that found by Glass (1984) (4.27±0.07) at pH",S. At this pH the predominant equilibrium of GPS is:
and it can be calculated that the ratio GH 2 '/GH z -is about 3.24. Therefore, the sama ligand is likely to be involved at both pH values , in agraement with the eloseness of both resu lts for 10gK.
Tabla 1 shows that the parameter K calcu lated from equatio n (2) is not exactly can stant. There is a slig ht dacrease as CM increases , i. e, the degree 01 accupation 01 sites. Th is means that glyphosate does not be have as a simple Iigand , and it can be attributed to the existence 01 two different comple xing groups (COOH and PO (O H)2) ' causing some degree 01 heterogeneity 01 the ligand .
The hete rogeneity 01 the organic ligand can be interpretad by using tha differe ntial eqUlli bri um 1unction, Kd' In 1aet Kd is more speei1ic far a ra nge 01 sites than K (Gamble el al. , , 980 ; BuHle, 1984) .
If the ligand conee ntralion is maintainad constant along the titration with the metal ion , Kd is given by equation (3) 
where Koo is the value 01 Kd lor e = 1 and r is the hele rogeneity parameter (equal to 1 for a simple ligand , decreasing as heteroge neity increases), The val ues of log Kd and log K versus lag e are presenled in Figure 2 . ' 1 can be seen that Kd is much higher than K, main ly for low e va lues, beeause in this range th A metal is complexed by Ihe strongest sites. Moreover, Ka has a more marked dependence upon e, as expected from its dif1e rential natura.
The value obtalned for r 1rom the slope 01 log Kd ve rsu s log e was 0.93 , indicating a low but notieeable degree 01 heterogene ity.
n. Adsorptlon 01 Cu on montmorillonlte In 1he presence o, GPS.
Before studying the reaction. it is usefu l to know the characteristics of the GPS-Cu(JI ) solutions used . Taking into accou nl th e protonation pK va/u es 01 GPS (scheme 1) and those 01 GPS-C u complexes, il has been possible to ca/culata the distribution 01 metal ion and metal che/ate species in each solution befo re equi libration with montmo ri /lonite. The metal-che late species which have been considered lO form in sig nificant propo rti on under our conditions are 1:1 chelate CuG' and CuHG complexes (G being the ligand glyphosate , with log meta/-che /ate stabi/ity constants of 11.93 and 15.85, respective/y ). Under the conditio ns 01 th is study the formatio n 01 the metal hydroxide or CuC I· is neg ligib/e. As shown by Motekaitis and Marte" (1985) , most 01 meta/ ion s also 10rm 2:1 ligand :meta/ complexes when GPS concentration is more 'han twice that of the metal, bu! formalion 01 such a 2: 1 complex in our system is not like/y because its forma tlon takes place at pH >7, higher than the maximum pH in this study (4. 96) (Tab/e 2). Figure 3 shows that , in general, the proportio n 01 CuG species in the initial solutlons (befare montmari llanite equilibration) is law in re/ati on ta tha! of Cu and CuHG. For /ow concentrations of GPS, free Cu predo minates over CuHG species , but the amount of CuHG ¡ncreases for increasing concentrat ion s 01 GPS, and becomes higher tl1 an free CLJ for 1.0 and 2.0 mM GPS concentratians.
Alt hough in ou r study there are many cases with an excess 01 GPS compared to Cu total concentration (up to a ratio GPS/Cu=25), not all the Cu present in sOjution is in complexed forms, and a significant proportian is in the Cu Th e decrease in Cu adsorptlon wh en GPS is present can be an eHeet 01 a decrease in free Cu co ncentration due l o the lormation 01 Cu -GPS complexas. Howeve r, pH va luas correspondlng to each point 01 th e adsorption curves (Figure 4 ) decrease as GPS concentratlon incraases (Tabla 2). wh ich can also cause a decrease in adsorptio n.
Another point which should be clarified co ncerns the possible adsorpti on of Cu -GPS complexes on th e clay mi neral. This adsorption is no! possib le in the interlarnellar space (Sprankle et al. , 1975a; Ha nce . 1976; Shoval and Yariv, 1979) . These authors suggested that GPS is bou nd to tha soil co nstituents through Ihe phosphonic acid radical by a mechanism similar to that of inorgan ie phosphatl" which occurs on edge positions of clay mi narais. Organic matter, amorphous alum ina. and fe rríe oxides ara also suitabla substrates for GPS adsorption . According to Shoval and Yariv (1979) higher GPS conce ntrations are present, th is eHeet would also be noticeable tor higher Cu leva ls.
Therafore tha isoth erms for higher GPS concentrations would tend to lose the positiva concavity. as observed in Figura 4 for 1 and 2 mM GPS. Adsorptio n 01 GPS on externa l suriaces 01 montmori llonite can be the explanatio n of Figure 5 , in which the relationshi p between equ ili brium Cu concentratio n and pH is shown for ¡h e various GPS conce ntrations. Separate re lati onships are found between these two variables fer each GPS concentratío n, instead 01 a sing le lina as would be expected if pH were the maste r variable determining Cu adsorption. It indi cates that there is another factor (or faetors) that play an impo rtant role in Cu adso rption, one ot them probably being the surface loading sffeet, which is hig her the higher is GPS concentratían.
Ca and Mg releasad during the reaetíon is aJways much higher than the amounts of Cu adsorbed (Table 3) , prabably because the exchangeable cations are re leased not oniy by Na' and Cu 2 , ions, bul also by H' ions, as shown by the lower pH vaiues corresponding to higher Ca + Mg released. Therefo re, the release of th ese cations cannot he lp to estimate Cu adsorption on interlayer posítions. Higher H' concentratíons probably cau ses a decrease in Cu 2
• adsorptio n competi ng fa r exchangeable sites , bu! ¡he buHeri ng eHeet of GPS makes it diHicult to estimate the extension of this effeet.
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